TRMM-LIS events were in good agreement with the concurrent SP-LMA, ENTLN and LINET observations regarding latitude, longitude and timing. The records showed as expected more VHF (SP-LMA) sources than VLF pulses/strokes (ENTLN and LINET) per flash.
Due to TRMM satellite orbits, the comparisons of TRMM-LIS and ground-based LLSs records are restricted to tropical and subtropical regions between about 38
• N and 38 is analyzed, while SAETTA is used to verify and understand the results. Indeed, the spatially and temporally high resolution of SAETTA's measurements capture the structure and the life cycle of each lightning flash and gather additional information, i.e. discharge altitude, to assess more thoroughly ISS-LIS and Meteorage strengths and weaknesses. Among the commonly 105 investigated relative DEs, distances, timing offsets and specific characteristics of matched ISS-LIS and Meteorage flashes are further examined. This work aims at providing the basis for mimicking optical, satellite-based lightning data from a VLF/LF LLS.
In section 2 ISS-LIS, Meteorage and SAETTA are introduced as well as the data processing, developed algorithms and the investigation methodology. Results are presented in section 3. A brief summary and some discussion are given in section 4. The region was limited to 40.5°N to 44.0°N and 7.0°E to 11.0°E around the island of Corsica in the NW Mediterranean Sea.
115 Figure 1 shows the domain with accumulated data of one overpass (a), an infrared (IR) satellite picture (b) and the example of one flash recorded by ISS-LIS, Meteorage and SAETTA (c). The three instruments are introduced within this section. In total, ISS-LIS field of view (FOV) intersected the region of interest 851 times during the study period, with 26 of the overpasses exhibiting lightning activity. In our paper, all times are given in Coordinated Universal Time (UTC). Altitudes are defined above sea level (ASL). Distances are calculated using Vincenty's formulae (Vincenty, 1975) based on the WGS 84 reference 120 ellipsoid which are more accurate on Earth than for example great circle distances (assumes the Earth as oblate sphere rather than a sphere). The term detection efficiency (DE) means in the following the DE for flashes, not event or pulse/stroke DE. 
ISS-LIS
The ISS operates in Low Earth Orbit (LEO) and overpasses one region on the surface up to three times a day (up to two times in the tropics). Lightning observation of a specific point lasts up to 90 seconds per overpass due to the ISS orbit characteristics 
Flash -Grouping algorithm

195
The NASA LIS algorithm distinguishes events, groups and flashes (section 2.1). The distance between two events of one flash can be up to 14.3 km at the edge of the FOV (up to 11.9 km nadir). The time constraint, dt merge , confines the maximum time between two consecutive groups of the same flash as 330 ms. One flash cannot last longer than 2.0 s. An analysis of the P0.2 NASA flash sorting algorithm revealed that it tends to separate flashes when compared to concurrent SAETTA observations. Similar results were observed by Defer et al. (2005) . Consequently, a new algorithm is de-200 veloped to merge the ISS-LIS events to flashes. It has the additional advantage of treating both ISS-LIS events and Meteorage pulses/strokes. The fundamental elements sensed by each LLS, that are the smallest available lightning signals (events and pulses/strokes), are merged into flashes. More explicitly, an event of ISS-LIS (pulse/stroke of Meteorage) should belong to exactly one flash and a flash is defined as a group of events (pulses/strokes). Flash characteristics are derived from the underlying element characteristics, e.g. the positions of its elements are used instead of the mean flash location. This study makes use of 205 the fundamental ISS-LIS event data as provided by the NASA prior to any data merging. It is accepted that ISS-LIS events do not have a direct representation in the Meteorage-like data. Former studies claimed that LIS groups roughly correspond to the physical processes detected by VLF/LF LLSs (e.g., Bitzer et al., 2016; Höller and Betz, 2010) . Nevertheless, those studies found significantly more groups than pulses/strokes within the same region and time period. Bitzer et al. (2016) found for the number of TRMM-LIS groups to ENTLN pulses/strokes a factor of about 28.4 globally and even 3.7 in North America in 210 2013. Höller and Betz (2010) analyzed 6.7 groups per pulse/stroke on average. Due to those results, it is questionable whether LIS groups really correspond to (V)LF pulses/strokes. In addition, the detected lightning sources of the applied VHF LLS comply more with the LIS events than the groups. Using events rather than group centroids improve in particular the finding of the coincident LMA data. The analysis of flash extents profits from the use of events in that the extent of an ISS-LIS flash corresponds to the full illuminated area rather than the ISS-LIS group centroid locations. The representation of the flash extent
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(density) will influence the future assimilation of lightning data in NWP models. A statistical analysis of (ISS-LIS) events and LF strokes/pulses will also be of interest for creating a proxy optical data set, e.g. for MTG-LI, derived from LF data.
Our grouping algorithm analyzes the element (events or pulses/strokes) and groups the elements based on their relative location and time of occurrence to each other. First, the spatial and temporal constraints, ds merge and dt merge , for elements within one flash must be determined. Then, a combined space-time test merges the elements into flashes. It starts with the first 220 available element (in the data of one LLS) and identifies all elements (of the same LLS' data) within the range of the constraints.
Thereby, an element can only belong to the same flash if both the distance to the initial element is less than ds merge and the time difference is shorter than dt merge . All elements identified for a flash (and the initial element) are classified as used. For each used element within a flash, the test is repeated until no unused element can be added to the flash. This step allows for considering the potentially increasing extent and duration of a flash when adding new elements. The algorithm continues until 225 all elements are classified as used. In general, our algorithm does not limit the duration of a flash. The number of elements per flash remains also free to the algorithm. Meteorage data. Therefore, all identified flashes are double-checked against concurrent 3D SAETTA observations. Even if it is sometimes challenging to separate the flashes in the SAETTA data, the detailed VHF mapping helps to understand the processes leading to the identification of the ISS-LIS and Meteorage flashes. The SAETTA data are also used to find possible false alarms in the ISS-LIS and Meteorage. Our developed algorithm was in addition tested versus GLM flash-scale data using the distance between events and not (as ISS-LIS) between group centroids in order to merge events/groups to flashes. Time and spacing for events/groups of one GLM flash are 330 ms and 16.5 km, respectively (Goodman et al., 2013) . The GLM flash-scale data agree very well with the flashes 270 identified by our algorithm from the underlying GLM events. network mainly due to Earth's curvature and also due to shading by the relief, especially in the South of the domain (Coquillat et al., 2019) . Hence, flash mean and especially minimum altitudes might suffer from undetected VHF sources in low altitudes. 
Flash -Matching algorithm
ISS-LIS and
